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METHOD FOR FORMING A FLIP CHIP 
SEMICONDUCTOR PACKAGE, A 

SEMICONDUCTOR PACKAGE FORMED 
THEREBY, AND A SUBSTRATE THEREFOR 

FIELD OF THE INVENTION 

The present invention relates to forming a ?ip chip 
semiconductor package With under?ll, and more particularly 
to forming a ?ip chip semiconductor package With no-?oW 
under?ll. 

BACKGROUND OF THE INVENTION 

Flip chip semiconductor packages formed With under?ll 
material, Which is also referred to simply as under?ll, are 
knoWn. Such a ?ip chip package comprises a semiconductor 
die Which has a pattern of pads on one surface; a substrate 
With corresponding terminals on a pattern of conductors on 
a ?rst surface, and a second surface, opposite the ?rst 
surface, With a pattern of eXternal conductors; solder inter 
connects that couple the die pads to the terminals; and 
under?ll that ?lls the gap betWeen the die and the substrate. 

A relatively Well knoWn, method of forming a ?ip chip 
package is to ?rst raise or bump the pads on the semicon 
ductor die With solder, then ?ip the semiconductor die over 
and place it With the bumps on the terminals. When the 
assembly of the semiconductor die, substrate and solder 
bumps is re?oWed, the solder betWeen the pads and termi 
nals melt to form solder interconnects betWeen the pads and 
the corresponding terminals. 

Subsequently, the under?ll is applied at the edges of the 
gap betWeen the ?ipped semiconductor die and the substrate. 
Typically, the under?ll is an epoXy-based liquid With a 
viscosity that signi?cantly decreases under elevated tem 
perature. Through capillary action, and under the elevated 
temperature, the under?ll is draWn in, ?oWs into, and ?lls the 
gap betWeen the semiconductor die and the substrate. 

The process of ?lling the gap With under?ll presents a 
variety of dif?culties, most of Which relate to incomplete 
?lling of the gap With the under?ll, especially When bump 
pitch and height become smaller. For eXample When the 
pitch is less than 150 pm, and the height is less than 50 pm. 
A relatively neW method of forming a ?ip chip package 

attempts to shorten the process ?oW and in particular over 
come the problems of applying under?ll using no-?oW 
under?ll. US. Pat. No. 6,180,696, assigned to Georgia Tech 
Research Corporation of the USA, discloses a composition 
of no-?oW under?ll, and US. Pat. No. 5,128,746 by Pennisi 
et al., assigned to Motorola Inc. of the USA discloses a 
method for using no-?oW under?ll to form a semiconductor 
package. 

With this method, a composition of no-?oW under?ll is 
applied to a ?rst surface of a substrate that has the terminals 
thereon, Where the no-?oW under?ll covers or submerges the 
terminals. Then, the bumped semiconductor die is ?ipped 
and placed on the ?rst surface of the substrate so that the 
bumps on the semiconductor die abut the terminals. The 
assembly is then re?oWed so that the bumps Will change to 
molten state and form interconnects betWeen the pads and 
the terminals, With the under?ll ?lling the gap betWeen the 
die and the substrate. Hence, this method can substantially 
address the problems and dif?culties associated With incom 
plete ?lling of the gap betWeen the substrate and the semi 
conductor die With under?ll. 

Typically, no-?oW under?ll is an epoXy based organic 
compound and as is knoWn by those skilled in the art, the 

15 

25 

35 

45 

55 

2 
coef?cient of thermal expansion (CTE) of an organic com 
pound is relatively high, in the range of 50~90 parts per 
million per degree Celsius (ppm/° C.). Under?ll With a high 
CTE is unable to ef?ciently ameliorate the mismatch 
betWeen the CTE of the semiconductor die and the CTE of 
the substrate. Consequently, due to this mismatch in CTE, 
the solder joints betWeen the pads of the semiconductor chip 
and the substrate in a semiconductor package are prone to 
thermo-mechanical failure. Thus, adversely affecting the 
reliability of such no-?oW under?lled semiconductor pack 
age. 

In ?ip chip semiconductor packages With smaller dies, say 
less than 5 millimeters (mm)><5 mm, the CTE mismatch is 
tolerable, in that reliability tends to meet speci?ed limits. 
HoWever, With larger dies of 10 mm><10 mm and above, the 
CTE mismatch is more acute and the reliability is not Within 
speci?ed limits. Consequently, no-?oW under?ll is generally 
considered to be unsuitable for packaging such larger dies 
due to its poor CTE characteristics. 

One knoWn method of improving i.e. loWering the CTE of 
an under?ll composition is by adding inorganic ?llers such 
as silica to the under?ll composition. HoWever, no-?oW 
under?ll With ?ller results in open circuits betWeen the pads 
on the semiconductor die and the terminals on the substrate. 

BRIEF SUMMARY OF THE INVENTION 

The present invention seeks to provide a method for 
forming an under?lled semiconductor package, a semicon 
ductor package formed thereby and a substrate therefor, 
Which overcomes or at least reduces the abovementioned 
problems of the prior art. 

Accordingly, in one aspect, the present invention provides 
a method for forming a ?ip chip semiconductor package, the 
method comprising the steps of: 

a) providing a substrate having a ?rst surface With plu 
rality of raised terminal portions, Wherein the plurality 
of raised terminal portions eXtend to at least the ?rst 
surface, each of the raised terminal portions comprising 
a base portion and a free end portion, and at least the 
free end portions consisting of a ?rst material having a 
?rst re?oW temperature; 

b) providing a semiconductor die having a plurality of 
pads on a ?rst surface, Wherein the plurality of pads 
have bumps thereon, each of the bumps comprising a 
base portion and a free end portion, at least the free end 
portions of the plurality of bumps consisting of the ?rst 
material; 

c) providing an under?ll compound, Wherein the under?ll 
compound includes at least some inorganic ?ller to 
reduce the coefficient of thermal eXpansion (CTE) of 
the under?ll compound; 

d) disposing the under?ll compound on the substrate; 
e) placing the semiconductor die on the substrate With the 

under?ll compound therebetWeen, Wherein the free end 
portions of the plurality of bumps abut the free end 
portions of the plurality of raised terminal portions; and 

f) re?oWing the semiconductor die, the substrate and the 
under?ll compound at substantially the ?rst re?oW 
temperature to form the at least the free end portions of 
the plurality of bumps and the at least the free end 
portions of the plurality of raised terminal portions into 
interconnects. 

In another aspect the present invention provides a method 
for forming a ?ip chip semiconductor package, the method 
comprising the steps of: 
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a) providing a substrate having a ?rst surface With a 
plurality of raised terminal portions, Wherein the plu 
rality of raised terminal portions eXtend to at least the 
?rst surface, each of the raised terminal portions com 
prising a base portion and a free end portion, at least the 
free end portions consisting of a ?rst material having a 
?rst re?oW temperature, Wherein the ?rst material is 
selected from the group consisting of tin-lead eutectic 
solder and lead-free solder; 

b) providing a semiconductor die having a plurality of 
pads on a ?rst surface, Wherein the plurality of pads 
have bumps thereon, each of the bumps comprising a 
base portion and a free end portion, at least the free end 
portions of the plurality of bumps consisting of the ?rst 
material; 

c) providing an under?ll compound, Wherein the under?ll 
compound includes at least some inorganic ?ller to 
reduce the coef?cient of thermal eXpansion (CTE) of 
the under?ll compound, Wherein the inorganic ?ller is 
selected from the group consisting of silica, silicon 
nitride, boron nitride, and aluminum nitride; 

d) disposing the under?ll compound on the substrate; 
e) placing the semiconductor die on the substrate With the 

under?ll compound therebetWeen, Wherein the free end 
portions of the plurality of bumps abut the free end 
portions of the plurality of raised terminal portions; and 

f) re?oWing the semiconductor die, the substrate and the 
under?ll compound at substantially the ?rst re?oW 
temperature to form the at least the free end portions of 
the plurality of bumps and the at least the free end 
portions of the plurality of raised terminal portions into 
interconnects. 

In yet another aspect the present invention provides a ?ip 
chip semiconductor package comprising: 

a substrate having a plurality of raised terminal portions 
on a ?rst surface and having a plurality of eXternal 

interconnects; 
a semiconductor die having a plurality of pads on a 

surface, the semiconductor die being ?ipped and dis 
posed on the substrate With the ?rst surface of the 
substrate opposite the surface of the semiconductor die, 
Wherein the semiconductor die has a minimum area of 

100 square millimeters; 
a plurality of re?oWed conductive interconnects eXtend 

ing betWeen and electrically coupling the plurality of 
pads to the plurality of terminals; and 

under?ll compound ?lling betWeen the ?rst surface of the 
substrate and the surface of the semiconductor die, 
Wherein the under?ll compound includes at least some 
inorganic ?ller. 

In still another aspect the present invention provides a 
substrate for a ?ip chip semiconductor package comprising: 

an electrically non-conductive base layer; 
a patterned layer of electrically conductive material dis 

posed on the non-conductive base layer, the patterned 
layer of electrically conductive material having termi 
nal locations; 

a patterned layer of an electrically non-conductive mate 
rial disposed on the patterned layer of electrically 
conductive material, the patterned layer of electrically 
non-conductive material having an eXposed surface, 
and the patterned layer of electrically non-conductive 
material leaving at least some of the terminal locations 
uncovered; and 

raised terminal portions on the terminal locations, 
Wherein the raised terminal portions eXtend aWay from 
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4 
the terminal locations to at least the eXposed surface of 
the patterned layer of the electrically nonconductive 
material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the present invention Will noW be fully 
described, by Way of example, With reference to the draW 
ings of Which: 

FIG. 1 shoWs a cross-sectional vieW of a die and a 
substrate before assembly in accordance With the prior art; 

FIG. 2 shoWs a cross sectional vieW of the die and the 
substrate in FIG. 1 after assembly, in accordance With the 
prior art; 

FIG. 3 shoWs a cross-sectional vieW of a die and a 
substrate in accordance With the present invention; 

FIG. 4 shoWs a cross sectional vieW of the die and the 
substrate in FIG. 3 after assembly in accordance With the 
present invention; 

FIG. 5 shoWs a method of forming the semiconductor 
package in FIG. 4; 

FIGS. 6A—D shoWs cross-sectional vieWs of a variety of 
raised terminal portion structures on the substrate in FIG. 3; 

FIGS. 7A—D shoWs cross-sectional vieWs of a variety of 
bump structures on the semiconductor die in FIG. 3; 

FIG. 8 shoWs a photograph of the cross-section of a solder 
interconnect betWeen the die and the substrate in FIG. 4; and 

FIG. 9 shoWs a method of forming the substrate in FIG. 
3. 

DETAIL DESCRIPTION OF THE DRAWINGS 

It has been discovered that open circuits betWeen pads on 
a semiconductor die and terminals on a substrate in a 
?ip-chip semiconductor package formed using no-?oW 
under?ll is caused by the ?ller in no-?oW under?ll compo 
sitions. The ?ller forms a mechanical barrier betWeen the 
solder bumps and terminal locations on the substrate. A 
method of forming a ?ip chip package using no-?oW under 
?ll With ?ller and a substrate having raised terminal portions, 
in accordance With the present invention is disclosed. The 
raised terminal portions in combination With the bumps on 
the semiconductor die, displace the ?ller in the under?ll 
from betWeen the bumps and the raised terminal portions, 
during re?oW. Thus, preventing the ?ller from forming a 
barrier, substantially reducing occurrences of open circuits 
betWeen the bumps and the raised terminal portions. The 
present invention, as described, advantageously alloWs 
no-?oW under?ll With ?ller, having the improved loWer CTE 
characteristics, to be used in ?ip chip semiconductor pack 
ages particularly for larger die siZes. 

In accordance With the prior art, FIG. 1 a substrate 10 
comprises a sandWich arrangement of a non-conductive base 
layer 12, a patterned layer of conductors 25 and a patterned 
solder mask 20, as is knoWn in the art. No-?oW under?ll 5 
With ?ller 27 is dispensed on the substrate 10, and the 
no-?oW under?ll 5 ?oWs over upper surfaces 30 of the solder 
mask 20 and upper surfaces 26 of terminal locations 28 of 
patterned conductors 25. 

Asemiconductor die 40 With bumps 45 on pads 46, is then 
?ipped and placed on the substrate 10, With the bumps 45 
aligned over the terminal locations 28 to form an assembly. 
The assembly is then re?oWed by passing it through a re?oW 
oven, and the solder bumps 45 melt to form interconnects 
betWeen the pads 46 on the die 40 and the terminal locations 
28. 
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With reference to FIG. 2, in accordance With the prior art, 
a semiconductor package 200 shoWs the ?ller 27 forming a 
barrier betWeen the bumps 45 and the terminal locations 28. 
During re?oW, the substrate 10 and the die 40 are forced 
against each other for a period of time, and the re?oW 
temperatures causes the solder bumps 45 to change to a 
molten state. HoWever, the barrier formed by the ?ller 27 in 
the under?ll 5 prevents the molten solder from making 
contact With the terminal locations 28. 

In accordance With the present invention, FIG. 3 shoWs a 
substrate 300 having a non-conductive base layer 12, a 
patterned layer of conductors 25, and a patterned layer of 
solder mask 20. In addition, a deposit of conductive 
material, such as solder cladding, is formed on the exposed 
terminal locations 28 of the patterned layer of conductors 25. 
The deposit of conductive material forms raised terminal 
portions 305. The thickness of the solder cladding must be 
such that upper surface 310 of the raised terminal portion 
305 extends, preferably to the same height or higher than the 
upper surface 30 of the solder mask 20. The substrate 300 
includes ceramic, rigid and ?exible organic laminate. 
No-?oW under?ll 5 With the ?ller 27 is disposed on the 

substrate 300, Where the ?ller 27 can include silica, silicon 
nitride, boron nitride or aluminum nitride. The no-?oW 
under?ll can comprise an epoxy anhydride system, and 
When more than 50 percent ?ller by Weight is added to the 
no-?oW under?ll, a CTE of less than 35 ppm/° C. can be 
obtained. The difference in height betWeen the upper surface 
30 of the solder mask 20 surrounding the terminal locations 
28, and the upper surface 310 of the raised terminal portion 
305, should be large enough to push aWay the ?ller 27 in the 
under?ll 5 during placement of the semiconductor die 40 
and re?oW of the solder. For example, a difference in height 
betWeen the upper surface 310 of the raised terminal por 
tions 305 and the upper surface 30 of the solder mask 20 can 
be made approximately 40~80 micrometers 

Next, the semiconductor die 40 is positioned With the 
bumps 45 aligned With the raised terminal portions 305 on 
the terminal locations 28, after Which the die 40 and the 
substrate 300 are brought together. The bumps 45 and the 
upper surface 310 of the raised terminal portions 305 make 
contact, and as the die 40 and the substrate 300 are forced 
together under pressure in the range of 2~100 N and at an 
elevated re?oW temperatures, the bumps 45 and the raised 
terminal portions 305 at the terminal locations 28, melt. 
Filler 27 betWeen the bumps 45 and the raised terminal 
portions at the terminal locations 28 is pushed aWay by the 
molten solder, and the solder forms an interconnect. Of 
course, this formation of the solder interconnect occurs 
betWeen all the bumps on the semiconductor die 40 and the 
raised terminal portions 305 on the substrate 300. 

FIG. 4, shoWs a ?ip chip package 400 formed With solder 
interconnects 405, in accordance With the present invention 
betWeen the pads 46 on the die 40 and the terminal locations 
28 on the substrate 300. 

It Will be appreciated by one skilled in the art that the 
process 300 can also be applied to direct ?ip chip attach 
(DCA) Where a semiconductor die is mounted directly on a 
printed circuit board. 

With reference to FIG. 5, a method 500 of forming the 
no-?oW under?lled semiconductor package 400 that uses 
no-?oW under?ll 5 containing ?ller 27, starts 505 by pro 
viding 510 the substrate 300 With the raised terminal por 
tions of solder cladding. The substrate 300 can comprise 
ceramic materials, laminates and ?exible material as 
employed in producing ?ex circuits. The raised terminal 
portions 305 can comprise a variety of compositions and 
structures. 
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6 
With reference to FIG. 6A the raised terminal portion 305 

comprises solder cladding, as mentioned earlier With a base 
portion 605 and a free-end portion 610. The Whole raised 
terminal portion 305 can also consist of deposits of tin-lead 
eutectic solder or lead-free solder With base portions and 
free-end portions. Alternatively, With reference to FIG. 6B, 
the raised terminal portion 305 can comprise a pillar struc 
ture 602 With a base portion 605 and a free end portion 610, 
Where the pillar 602 can be made of copper or gold. With 
reference to FIG. 6C, the raised terminal portion 305 can 
comprise the pillar structure 602, forming the base portion 
605 and a solder ball 603 forming the free-end portion 610. 
Here, the free end portion 605 consist of deposits of tin-lead 
eutectic solder or lead-free solder, and the base portion 610 
consist of high lead solder or copper. FIG. 6D shoWs another 
structure for the raised terminal portion 305 comprising the 
pillar structure 602, forming the base portion 605, and a 
layer of gold or organic solder preservative, forming the free 
end portion 610. Typically, the layer of gold or organic 
solder preservative provides a layer of passivation for the 
copper pillar 602. 
When a further layer of material, such as solder, is added 

to form the free end of the raised terminal portion 305, the 
base portion of the raised terminal portion 305 may then 
have an inner part and an outer part. For example, When the 
raised terminal portion 305 has a structure as shoWn in FIG. 
6D, the base portion can then have a copper inner part and 
a gold outer part. 

Returning to FIG. 5, next, the semiconductor die 40 
having bumps 45 on the pads 46 is provided 512. With 
reference to FIG. 7A the bump 45 comprises solder, as 
mentioned earlier With a base portion 705 and a free-end 
portion 710. The Whole bump 45 can also consist of deposits 
of tin-lead eutectic solder or lead-free solder With base 
portions and free-end portions. Alternatively, With reference 
to FIG. 7B, the bump 45 can comprise a pillar structure 702 
With a base portion 705 and a free end portion 710, Where 
the pillar 702 can be made of copper or gold. With reference 
to FIG. 7C, the bump 45 can comprise the pillar structure 
602, forming the base portion 705 and a solder ball 703 
forming the free-end portion 710. Here, the free end portion 
705 consist of deposits of tin-lead eutectic solder or lead 
free solder, and the base portion 710 consist of high lead 
solder or copper. FIG. 7D shoWs another structure for the 
bump 45 comprising the pillar structure 702, forming the 
base portion 705, and a layer of gold or organic solder 
preservative, forming the free end portion 710. Typically, the 
layer of gold or organic solder preservative provides a layer 
of passivation for the copper pillar 702. When a further layer 
of material, such as solder, is added to form the free end of 
the bump 45, the base portion of the bump 45 may then have 
an inner part and an outer part. For example, When the bump 
45 has a structure as shoWn in FIG. 7D, the base portion can 
then have a copper inner part and a gold outer part. 

U.S. patent application Ser. No. 09/564,382 by Francisca 
Tung, ?led on Apr. 27, 2000, titled “Improved Pillar Con 
nections For Semiconductor Chips and Method Of 
Manufacture”, and Continuation-In-Part US. patent appli 
cation Ser. No. (Not yet assigned) by Francisca Tung, ?led 
on Apr. 26, 2000 titled “Improved Pillar Connections For 
Semiconductor Chips and Method Of Manufacture”, and 
assigned to a common assignee as this patent application, 
teaches forming at least some of such pillar structures as 
described herein. These patent applications are incorporated 
by reference. 

Returning again to FIG. 5, the no-?oW under?ll 5 With 
?ller 27 is then disposed 515 on the substrate 300. The 
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bumped semiconductor die 40 is then placed 520 on the 
substrate 300 With the bumps 45 abutting the upper surfaces 
310 of the raised terminal portions 305. The assembly is then 
re?oWed 525 Which causes the solder bumps 45 and the 
raised terminal portions, to change to a molten state. The 
molten solder displaces the ?ller 27 in the under?ll 5, aWay 
from betWeen the bump 45 and the raised terminal portions 
305, and forms solder interconnects 405 betWeen the pads 46 
and the terminal locations 28. The method 500 then ends 
530. 
Any combination of the pillar structures and material in 

FIGS. 6 and 7 can be employed provided that either the 
bump 45 or the raised terminal portion 305 is re?oWable, or 
at least the free end portion of either the bump 45 or the 
raised terminal portion is re?oWable. Re?oWable material 
here refers to material having a relatively loWer temperature 
at Which the material melts When compared to material used 
for the base portions 610 and 710 and the outer parts 620 and 
720. The re?oWable material includes deposits of tin-lead 
eutectic solder or lead-free solder. 

Thus, the present invention as described, advantageously 
displaces ?ller, such as silica, in the under?ll from betWeen 
the solder bumps and the terminals on the substrate, thereby 
preventing the formation of a barrier, and the resultant 
occurrence of open circuits in a ?ip chip semiconductor 
package. 

FIG. 8 is a photograph, Which shoWs a side sectional vieW 
of the interconnect 405 betWeen the pad 46 and the terminal 
portion 28. The interconnect 405 is centrally located in the 
photograph, and the ?ller 27 in the under?ll 5 surrounds the 
interconnect 405. 

In FIG. 9, and With occasional reference to FIG. 3, a 
process 900 for forming the substrate 300, starts 905 by 
providing the non-conductive base 12. The non-conductive 
base 12 can include any one of the folloWing materials: 
ceramic, rigid and ?exible organic laminate. A patterned 
layer of conductors 25 is then formed 915 on the base layer 
12. Typically, an assembly of the base layer 12 having an 
unpatterned layer of copper is available from vendors. When 
this assembly is used, a layer of photoresist, a photolitho 
graphic process, an etchant, and a photoresist stripper, are 
employed to form the layer of copper into the patterned layer 
25 on the base layer 12, in accordance With a predetermined 
conductive distribution pattern, as is knoWn in the art. 

Using a similar photolithographic process as mentioned 
earlier, the patterned layer of solder mask 20 is formed 920 
on the patterned layer of conductors 25. The layer of solder 
mask 20 covers and insulates non-terminal portions of the 
patterned layer of conductors 25, and surrounds and de?nes 
the terminal locations 28 of the patterned layer of conductors 
25. 

The raised terminal portions 305 are then formed 925 on 
the eXposed upper surfaces 26 of the terminal locations 28. 
In accordance With the present invention, the raised terminal 
portions 305 are disposed to a predetermined height that 
eXceeds the height of the eXposed upper layer of solder mask 
20. The process 900 ends, thus providing the substrate 300. 

Forming the raised terminal portions 305 can be achieved 
by depositing materials including tin-lead eutectic solder or 
lead-free solder or forming solder cladding on the terminal 
locations 28. Dependent on the composition and structure of 
the raised terminal portions 305, a variety of processes, as 
Will be knoWn to one skilled in the art, including coating, 
printing and plating, to form the raised terminal portions 
305. 

It Will be appreciated by one skilled in the art, that 
conventional substrates can advantageously be processed to 
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form solder cladding or the pillar structures, in accordance 
With the present invention, to the terminal portions. Thus, 
the present invention, as described, advantageously alloWs 
conventional substrates to be processed to have the same 
advantages associated With the substrate of the present 
invention. 

It Will also be appreciated by one skilled in the art, that 
substrate manufacturing facilities that produce substrates 
using conventional processes, can advantageously include 
the necessary equipment to form the raised terminal 
portions, in accordance With the present invention, as 
described, and to produce substrates in accordance With the 
present invention. Hence, the present invention as described, 
advantageously alloWs conventional substrate producing 
facilities to include the raised terminal portions and produce 
substrates in accordance With the present invention. 

The present invention, as described, provides a method of 
forming an under?lled semiconductor package that uses 
no-?oW under?ll With ?ller Which is more reliable, particu 
larly When packaging larger semiconductor dies. 

This is accomplished by employing a substrate having 
raised terminal portions. When a bumped semiconductor die 
is placed on the substrate, the bumps abut the upper surfaces 
of the raised terminal portions. During re?oW, the molten 
bumps and raised terminal portions displace ?ller in the 
under?ll, and prevent the ?ller from forming a barrier 
betWeen the bumps and the raised terminal portions, thus 
alloWing more reliable connections to be formed. 

The present invention provides a method for forming an 
under?lled semiconductor package, a semiconductor pack 
age formed thereby, and a substrate therefor, Which over 
comes or at least reduces the abovementioned problems of 
the prior art. 

It Will be appreciated that although only one particular 
embodiment of the invention has been described in detail, 
various modi?cations and improvements can be made by a 
person skilled in the art Without departing from the scope of 
the present invention. 
What is claimed is: 
1. A method for forming a ?ip chip semiconductor 

package, the method comprising the steps of: 
a) providing a substrate having a ?rst surface With plu 

rality of raised terminal portions, Wherein the plurality 
of raised terminal portions eXtend to at least the ?rst 
surface, each of the raised terminal portions comprising 
a base portion and a free end portion, and at least the 
free end portions consisting of a ?rst material having a 
?rst re?oW temperature; 

b) providing a semiconductor die having a plurality of 
pads on a ?rst surface, Wherein the plurality of pads 
have bumps thereon, each of the bumps comprising a 
base portion and a free end portion, at least the free end 
portions of the plurality of bumps consisting of the ?rst 
material; 

c) providing an under?ll compound, Wherein the under?ll 
compound includes at least some inorganic ?ller to 
reduce the coefficient of thermal eXpansion (CTE) of 
the under?ll compound; 

d) disposing the under?ll compound on the substrate; 
e) placing the semiconductor die on the substrate With the 

under?ll compound therebetWeen, Wherein the free end 
portions of the plurality of bumps abut the free end 
portions of the plurality of raised terminal portions; and 

f) re?oWing the semiconductor die, the substrate and the 
under?ll compound at substantially the ?rst re?oW 



US 6,599,775 B2 
9 

temperature to form the at least the free end portions of 
the plurality of bumps and the at least the free end 
portions of the plurality of raised terminal portions into 
interconnects. 

2. A method in accordance With claim 1 Wherein step (b) 
comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the base portion consist of a second material having 
a second re?oW temperature Which is higher than the ?rst 
re?oW temperature. 

3. A method in accordance With claim 1 Wherein step (b) 
comprises a step of providing a semiconductor die having a 
plurality of pads on a ?rst surface, Wherein the plurality of 
pads have bumps thereon, each of the bumps comprising a 
base portion and a free end portion, and Wherein the base 
portion and the free end portion consist of a second material, 
the second material having a second re?oW temperature 
Which is higher than the ?rst re?oW temperature. 

4. A method in accordance With claim 3 Wherein step (b) 
comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part and the outer part consist 
of the second material and the free end portion consist of a 
third material, the third material being different from the ?rst 
and second material. 

5. A method in accordance With claim 4 Wherein step (a) 
comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part and the outer part consist 
of the second material, and Wherein the free end portion 
consist of the ?rst material. 

6. A method in accordance With claim 5 Wherein step (a) 
comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises the inner part and the 
outer part, Wherein the inner part consist of the second 
material and the outer part consist of the third material and 
the free end portion consist of the ?rst material. 

7. A method in accordance With claim 4 Wherein step (b) 
comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises the inner part and the 
outer part, Wherein the inner part consist of the second 
material, the outer part consist of the third material and the 
free end portion consist of the ?rst material. 

8. A method in accordance With claim 3 Wherein step (a) 
comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
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outer part, Wherein the inner part and the outer part consist 
of the second material, and Wherein the free end portion 
consist of the ?rst material. 

9. A method in accordance With claim 8 Wherein step (a) 
comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part consist of the second 
material and the outer part consist of a third material, the 
third material being different from the ?rst and second 
material, and the free end portion consist of the ?rst material. 

10. Amethod in accordance With claim 1 Wherein step (a) 
comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the base portion consist of a second material having 
a second re?oW temperature Which is higher than the ?rst 
re?oW temperature. 

11. A method in accordance With claim 1 Wherein step (a) 
comprises a step of providing a substrate having a plurality 
of raised terminal portions on a ?rst surface, Wherein the 
plurality of raised terminal portions eXtend to at least the ?rst 
surface, each of the raised terminal portions comprising a 
base portion and a free end portion, Wherein the free end 
portion and the base portion consist of a second material, the 
second material having a second re?oW temperature Which 
is higher than the ?rst re?oW temperature. 

12. A method in accordance With claim 11 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, and Wherein the inner part and the outer part 
consist of the second material, and the free end portion 
consist of a third material, different from the ?rst and second 
materials. 

13. A method in accordance With claim 12 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the base portion consist of the second material. 

14. A method in accordance With claim 13 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part consist of the second 
material and the outer part consist a third material, the third 
material being different from the ?rst and second material, 
and Wherein the free end portion consist of the ?rst material. 

15. A method in accordance With claim 12 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
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wherein the base portion comprises the inner part and the 
outer part, and Wherein the inner part consist of the second 
material and the outer part consist of the third material, and 
the free end portion consist of the ?rst material. 

16. A method in accordance With claim 11 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the base portion consist of the second material. 

17. A method in accordance With claim 16 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part consist of the second 
material and the outer part consist a third material, the third 
material being different from the ?rst and second material, 
and Wherein the free end portion consist of the ?rst material. 

18. A method for forming a ?ip chip semiconductor 
package, the method comprising the steps of: 

a) providing a substrate having a ?rst surface With a 
plurality of raised terminal portions, Wherein the plu 
rality of raised terminal portions eXtend to at least the 
?rst surface, each of the raised terminal portions com 
prising a base portion and a free end portion, at least the 
free end portions consisting of a ?rst material having a 
?rst re?oW temperature, Wherein the ?rst material is 
selected from the group consisting of tin-lead eutectic 
solder and lead-free solder; 

b) providing a semiconductor die having a plurality of 
pads on a ?rst surface, Wherein the plurality of pads 
have bumps thereon, each of the bumps comprising a 
base portion and a free end portion, at least the free end 
portions of the plurality of bumps consisting of the ?rst 
material; 

c) providing an under?ll compound, Wherein the under?ll 
compound includes at least some inorganic ?ller to 
reduce the coef?cient of thermal eXpansion (CTE) of 
the under?ll compound, Wherein the inorganic ?ller is 
selected from the group consisting of silica, silicon 
nitride, boron nitride, and aluminum nitride; 

d) disposing the under?ll compound on the substrate; 
e) placing the semiconductor die on the substrate With the 

under?ll compound therebetWeen, Wherein the free end 
portions of the plurality of bumps abut the free end 
portions of the plurality of raised terminal portions; and 

f) re?oWing the semiconductor die, the substrate and the 
under?ll compound at substantially the ?rst re?oW 
temperature to form the at least the free end portions of 
the plurality of bumps and the at least the free end 
portions of the plurality of raised terminal portions into 
interconnects. 

19. A method in accordance With claim 18 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, 
Wherein the base portion consist of a second material having 
a second re?oW temperature Which is higher than the ?rst 
re?oW temperature, and Wherein the second material is 
selected from the group consisting of high lead solder and 
copper. 
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20. A method in accordance With claim 18 Wherein step 

(b) comprises a step of providing a semiconductor die 
having a plurality of pads on a ?rst surface, Wherein the 
plurality of pads have bumps thereon, each of the bumps 
comprising a base portion and a free end portion, and 
Wherein the base portion and the free end portion consist of 
a second material, the second material having a second 
re?oW temperature Which is higher than the ?rst re?oW 
temperature, and Wherein the second material is selected 
from the group consisting of high lead solder, copper and 
gold. 

21. A method in accordance With claim 20 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part and the outer part consist 
of the second material and the free end portion consist of a 
third material, the third material being different from the ?rst 
and second material, Wherein the third material is selected 
from the group consisting of gold and organic solder pre 
servative. 

22. A method in accordance With claim 21 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part and the outer part consist 
of the second material, and Wherein the free end portion 
consist of the ?rst material. 

23. A method in accordance With claim 22 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises the inner part and the 
outer part, Wherein the inner part consist of the second 
material and the outer part consist of the third material and 
the free end portion consist of the ?rst material. 

24. A method in accordance With claim 21 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises the inner part and the 
outer part, Wherein the inner part consist of the second 
material, the outer part consist of the third material and the 
free end portion consist of the ?rst material. 

25. A method in accordance With claim 20 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part and the outer part consist 
of the second material, and Wherein the free end portion 
consist of the ?rst material. 

26. A method in accordance With claim 25 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
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comprising the base portion and the free end portion, 
wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part consist of the second 
material and the outer part consist of a third material, the 
third material being different from the ?rst and second 
material, and the free end portion consist of the ?rst material, 
Wherein the third material is selected from the group con 
sisting of gold and organic solder preservative. 

27. A method in accordance With claim 18 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, 
Wherein the base portion consist of a second material having 
a second re?oW temperature Which is higher than the ?rst 
re?oW temperature, and Wherein the second material is 
selected from the group consisting of high lead solder and 
copper. 

28. A method in accordance With claim 18 Wherein step 
(a) comprises a step of providing a substrate having a 
plurality of raised terminal portions on a ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising a base portion and a free end portion, Wherein 
the free end portion and the base portion consist of a second 
material, the second material having a second re?oW tem 
perature Which is higher than the ?rst re?oW temperature, 
and Wherein the second material is selected from the group 
consisting of high lead solder, copper and gold. 

29. A method in accordance With claim 28 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, and Wherein the inner part and the outer part 
consist of the second material, and the free end portion 
consist of a third material, different from the ?rst and second 
materials, Wherein the third material is selected from the 
group consisting of gold and organic solder preservative. 

30. A method in accordance With claim 29 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
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comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the base portion consist of the second material. 

31. A method in accordance With claim 30 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part consist of the second 
material and the outer part consist a third material, the third 
material being different from the ?rst and second material, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the third material is selected from the group con 
sisting of gold and organic solder preservative. 

32. A method in accordance With claim 29 Wherein step 
(a) comprises the step of providing the substrate having the 
plurality of raised terminal portions on the ?rst surface, 
Wherein the plurality of raised terminal portions eXtend to at 
least the ?rst surface, each of the raised terminal portions 
comprising the base portion and the free end portion, 
Wherein the base portion comprises the inner part and the 
outer part, and Wherein the inner part consist of the second 
material and the outer part consist of the third material, and 
the free end portion consist of the ?rst material. 

33. A method in accordance With claim 28 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the base portion consist of the second material. 

34. A method in accordance With claim 33 Wherein step 
(b) comprises the step of providing the semiconductor die 
having the plurality of pads on the ?rst surface, Wherein the 
plurality of pads have the bumps thereon, each of the bumps 
comprising the base portion and the free end portion, 
Wherein the base portion comprises an inner part and an 
outer part, Wherein the inner part consist of the second 
material and the outer part consist a third material, the third 
material being different from the ?rst and second material, 
Wherein the free end portion consist of the ?rst material, and 
Wherein the third material is selected from the group con 
sisting of gold and organic solder preservative. 

* * * * * 


